The left-right twin Higgs(LRTH) model predicts the existence of three additional Higgs bosons: one neutral Higgs φ 0 and a pair of charged Higgs bosons φ ± . In this paper, we studied the production of a pair of charged and neutral Higgs bosons associated with standard model gauge boson Z at the ILC, i.e., e + e − → Zφ + φ − and e + e − → Zφ 0 φ 0 .
I. Introduction
One interesting approach to the hierarchy problem, first proposed in [1, 2] , is that the Higgs mass parameter is protected because the Higgs is the pseudo-Goldstone boson of an approximate global symmetry. In the last few years several interesting realizations of this idea based on the little Higgs mechanism have been constructed [3, 4] . These theories stabilize the weak scale up to be above a few TeV. Many alternative new physics theories, such as supersymmetry, topcolor, and little Higgs, predict the existence of new scalar or pseudo-scalor particles. These new particles may have cross sections and branching fractions that differ from those of the SM Higgs boson. Thus, the discovery of the new scalars at the future high energy colliders might shed some light on the new physics models.
Recently, the twin Higgs mechanism has been proposed as an interesting solution to the little hierarchy problem [5, 6, 7] . The SM Higgs emerges as a pseudo-Goldstone boson once a global symmetry is spontaneously broken, which is similar to what happens in the little Higgs models [3] . Gauge and Yukawa interactions that explicitly break the global symmetry give mass to the Higgs. Once an additional discrete symmetry is imposed, the leading quadratic divergent term respects the global symmetry, thus does not contribute to the Higgs mass. The twin Higgs mechanism can be implemented in left-right models with the discrete symmetry being identified with left-right symmetry [6] . The left-right twin Higgs(LRTH) model contains U(4) 1 × U(4) 2 global symmetry as well as SU(2) L × SU(2) R × U(1) B−L gauge symmetry. In the LRTH model, pair of vector-like heavy top quarks play a key role at triggering electroweak symmetry breaking just as that of the little Higgs theories. Besides, the other Higgs particles acquire large masses not only at quantum level but also at tree level. The phenomenology of the LRTH model are widely discussed in literature [8, 9] , and constraints on LRTH model parameters are studied in [10] . The LRTH model is also expected to give new significant signatures in future high energy colliders and studied in references [11] , due to the new particles which are predicted by this model. Also the pair production of the charged and neutral Higgs bosons at the ILC and LHC in the framework of the LRTH model are studied in [12, 13] .
The hunt for the Higgs boson and the elucidation of the mechanism of symmetry breaking is one of the most important goals for present and future high energy collider experiments.
The most precise measurements will be performed in the clean environment of the future e + e − linear colliders, with a center of mass(c.m.) energy in the range of 500 to 1600GeV , as in the case of the International Linear Collider(ILC) [14] , and of 3 T eV to the Compact Linear Collider(CLIC) [15] . In many cases, the ILC can significantly improve the LHC measurements.
If a Higgs boson is discovered, it will be crucial to determine its couplings with high accuracy.
The running of the high energy and luminosity linear collider will open an unique window for us to reach understanding of the fundamental theory of particle physics. So far, many works have been contributed to studies of the Higgs boson pair production at the ILC, in the SM [16] and in the new physics beyond the SM [17] . In this work, we will study the production of the pair charged and neutral scalars of the LRTH model associated with a Z boson at the future high energy e + e − linear colliders.
This paper is organized as follows. In section II, we give a briefly review of the LRTH model, and then give the relevant couplings which are related to our calculation. Sections III and IV are devoted to the computation of the production cross sections of the processes e + e − → Zφ + φ − and e + e − → Zφ 0 φ 0 . Some phenomenological analysis are also included in the two sections. The conclusions are given in section V. In the appendix A and B, we present the Feynman rules and formulas relevant to our calculations.
II. Review of the LRTH model
In this section we will briefly review the essential features of the LRTH model and focusing on particle content and the couplings relevant to our computation.
In LRTH model, the global symmetry is
The twin symmetry which is required to control the quadratic divergences of the Higgs mass is identified with the left-right symmetry which interchanges L and R, implying the gauge couplings of SU(2) L and SU(2) R are identical.
Two Higgs fields, H andĤ, are introduced and each transforms as (4, 1) and (1, 4) respectively under the global symmetry. They are written as
where H L,R andĤ L,R are two component objects which are charged under the SU(2) L ×
The global U(4) 1 (U(4) 2 ) symmetry is spontaneously broken down to its subgroup
with non-zero vacuum expectation values(VEV) as H = (0, 0, 0, f ) and Ĥ = (0, 0, 0,f).
Each spontaneously symmetry breaking results in seven Nambu-Goldstone bosons. Three of six Goldstone bosons that are charged under SU (2) 
where M is the mass parameter essential to the mixing between the SM-like top quark and the heavy top quark.
It has been shown that the charged Higgs φ ± dominantly decay into tb for M > 10GeV [8] .
In Table I , we list the main decay branching ratios of the charged Higgs bosons in the LRTH model. One can see that, the branching ratio φ + → tb is larger than 50% in wide range of the parameter space of the LRTH model. 
with 
Where p 12 is the momentum of the propagator, which is the sum of the incoming momentums
is the polarization vector of the Z boson, p 4 and p 5 denote the momenta of outgoing charged Higgs bosons φ + and φ − . Γ i represents the gauge bosons total decay width.
With the above production amplitudes, we can obtain the production cross section directly.
In the calculation of the cross section, instead of calculating the square of the amplitudes analytically, we calculate the amplitudes numerically by using the method of the references [18] which can greatly simplify our calculation. Finally we also use the CalcHEP [19] packages to check our results.
In performing the numerical calculations, we take the SM input parameters as α e =1/128.8,
.2226 and Γ Z = 2.495GeV [20] . The free LRTH model parameters are f , the heavy gauge boson mass M Z H , and the mass of the charged Higgs boson M φ . Taking into account the precision electroweak constraints on the parameter space, the symmetry breaking scales f is allowed in the range of 500GeV ∼ 1500GeV . It has been shown M φ − is allowed to be in the range of a few hundred GeV depending on the model [8] . As numerical estimation, we will assume that the charged Higgs bosons mass M φ and the Z H mass M Z H are in the ranges of 150GeV ∼ 400GeV and 1T eV ∼ 3T eV , respectively.
In Fig.2 , we plot the cross section σ the process e + e − → Zφ + φ − as a function of the mass parameter M φ for f = 1000GeV , M Z H = 3.0T eV and three values of the center of mass energy.
The plots show that the cross section σ decreases with M φ increasing, due to phase space suppression. The change of the cross section with √ s is not monotonic because the influence of √ s on the phase space and the gauge boson propagators is inverse. In this case, the production rate is at the level of 10 −1 f b. For √ s = 1.0T eV and 150GeV ≤ M φ ≤ 300GeV , the value of σ is in the range of 0.06f b ∼ 0.32f b. If we assume that the future ILC experiment with √ s=1.0
TeV has a yearly integrated luminosity of 500f b −1 , then there will be 10 2 − 10 3 signal events generated at the ILC.
To see the influence of the scalar parameter f on the cross section, in Fig. 3 we plot the cross section σ as a function of f for √ s = 1.0T eV and three values of M φ = 150, 200 and 300GeV , respectively. From Fig. 3 , one can see that the cross section is not sensitive to f . This is because the contributions come from Fig .1(c) to the production cross section of the process e + e − → Zφ + φ − is suppressed by a factor of (x 2 /2f 4 ), which is included in the scalar self-interactions φ + φ − h. So, in our calculation, we can safely neglect the effect of different values of f to the cross section. The distribution of the charged Higgs bosons pair invariant mass M φφ is shown in Fig. 6(a) , and the differential cross section of the cosine of the angle between the produced charged Higgs bosons pair is shown in Fig.6 (b) where we take two values of M φ and √ s = 1.0T eV . We can see from the Fig.6 (a) that the relatively large M φφ region (from 700GeV to 880GeV ) make the main contribution to the production cross section of e + e − → Zφ + φ − . Fig.6(b) shows the distribution of cosine of the angle between the produced charged Higgs bosons pair. We can see from the figure that the produced charged Higgs boson pair prefer to go out almost back to back, that leads to the M φφ having the tendency to distribution in large value region.
We take the orientation of incoming electron as the z-axis. The θ Z (or θ φ − ) is defined as the Z-boson (or charged Higgs boson φ − ) production angle with respect to the z-axis. In Considering the subsequent decay of φ + → tb, t → W + b → l + νb, the characteristic signal final state of Zφ + φ − , including four b jets + four charged lepton (e or µ) +missing E T and six jet qqbbbb + two lepton +missing E T , which are coming from the Z boson decaying to a charged leptons and qq, respectively. The Z boson in the final state gives an unambiguous event identification via its leptonic decay. In the case of Z → bb, the production rate of the ttbbbb final state can be easily estimated
The numerical results are shown in Fig.9 . One can see from this figure that, with reasonable values of the free parameters of the LRTH model, the production rate can reach 0.04f b. However, its value decreases quickly as the mass of charged Higgs bosons M φ increases. The main backgrounds for the ttbbbb final state come from the SM processes e + e − → tthh, e + e − → ttZh and e + e − → ttZZ with Z → bb and h → bb, continuum ttbbbb production. For √ s = 1.0T eV , the total production rate of the ttbbbb backgrounds is estimated to be about 0.01f b. Thus, it may be possible to extract the signals from the backgrounds in the reasonable parameter spaces in the LRTH model. In addition, the reconstruction of W , t, and φ ± can be used to discriminate the signal from the background. Certainly, detailed confirmation of the observability of the signals generated by the process e + e − → Zφ + φ − would require Monte-Carlo simulations of the signals and backgrounds, which is beyond the scope of this paper.
IV. The process of e + e − → Zφ 0 φ 0 With the couplings φ 0 φ 0 h, hφ 0 Z i , and φ 0 φ 0 ZZ i , the processes e + e − → Zφ 0 φ 0 can be induced at tree-level. The Feynman diagrams of these process are shown in Fig.10 . The amplitudes of the process e + e − → Zφ 0 φ 0 can be written as: Figure 10 : Feynman diagrams of the process e + e − → Zφ 0 φ 0 in the left-right twin Higgs model.
with
In the framework of the LRTH model, the mass of the neutral Higgs boson φ 0 can be anything below f here we consider another possibility, in which the mass is about 150GeV [8, 10] .
In our numerical estimation, we will assume that the neutral Higgs boson mass M φ 0 is in the range of 100GeV − 180GeV .
From the relevant coupling constants in appendix B, we can see that the production cross section of the process e + e − → Zφ 0 φ 0 is very sensitive to the parameter f , which is suppressed by the factor of (v 2 /2f 2 ). In this case, we will take the parameter f and the neutral Higgs precision data, which is really tiny and very difficult to detect in practice.
To see the effects of the c.m. energy √ s on the cross section σ, we plot the σ versus Preliminary study in Ref. [13] shows that, for M φ 0 = 120GeV and f ≤ 700GeV , the branching ratios φ 0 → bb are larger than 40%. The SM Higgs boson h has similar decay features with those of φ 0 . Therefore, the signatures of Zφ 0 φ 0 is similar to those of bbhh, Zhh, ZZZ, and ZZh at the high energy colliders. For √ s = 2.0T eV , the production cross section of the processes e + e − → bbhh, e + e − → Zhh, e + e − → ZZh and e + e − → ZZZ are estimated to be about 0.007f b, 0.054f b, 0.14f b, and 0.45f b, respectively. The mainly background about six b jets final state has been extensively studied in Ref. [21] . The production rate of this kind of signal is too small to be separated from the large background. i/j vertices iC Table 2 : Feynman rules for φ + φ − V i V j vertices [8] .
V. Conclusions
i/j vertices iE Table 3 : Feynman rules for φ + φ − V i vertices. p 1 and p 2 refer to the out coming momentum of the first and second particle, respectively. [8] .
hZ µ Z Hν e 2 f xg µν /( √ 2C Fig. 1(c) . p 1 , p 2 and p 3 refer to the incoming momentum of the first,second and third particle, respectively. [8] . Table 5 : Feynman rules for φ 0 φ 0 Z i Z vertices [8] . Table 6 : Relevant coupling constants of the neutral scalar. p 1 , p 2 and p 3 refer to the incoming momentum of the first,second and third particle, respectively. [8] .
